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Abstract
Helical antennas ﬁnds major applications from VHF to microwaves which requires circular polarisation. Helical antennas can
operate in two principal modes of operation: normal (broadside) mode or axial (end ﬁre) mode. They have got high gain in axial
direction which makes them suitable for satellite communications. This paper presents optimum design of axial mode helical an-
tenna using non linear pitch proﬁle modeled using Catmull Rom Spline and radius exponentially varied along the axis of the helix.
The antenna is optimized for maximising directive gain subject to unity axial ratio. The optimization is done using Particle Swarm
Optimization (PSO) and simulation is done usng Numerical Electromagnetics Code NEC2. Original NEC2 source code is suitably
modiﬁed to incorporate spline modeling and PSO. Simulation result show that antenna designed usng proposed method has better
gain characteristics compared to antenna with uniform radius and non linear pitch proﬁle .
c⃝ 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Department of Computer Science &
Engineering, National Institute of Technology Rourkela.
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1. Introduction
The original form of the helical antenna was developed by Kraus [1] and radiated a circularly polarized ﬁeld.
Helical antennas have made a marked impression on the communications industry due to the growing demands of
telemetering, command and control and communications in the aircraft and guided-missile ﬁeld. They can operate in
one of two principal modes: normal (broadside) mode or axial (or end-ﬁre) mode. Axial mode helical antennas are
widely used for satellite and WIMAX communications because of high directivity and circular polarization [2], [3].
The conventional design of axial mode helical antenna by Kraus design uses constant pitch proﬁle [1]. The design of
axial mode helical antennas with nonlinear pitch proﬁle[4] has been reported which gives better radiation characteris-
tics compared to constant pitch proﬁle.
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An approach to helical antenna with exponential tapering [5] showed improved performance characteristics.
Here the effect of exponential tapering was found more pronounced when the pitch angle varied. Also, axial mode
helix antenna with exponential spacing provided better axial ratio bandwidth [6]. So we decided to develop a he-
lical antenna with nonlinear pitch proﬁle and radius varied exponentially for achieving maximum gain with unity
axial ratio. In our work, NEC2 is used for simulation of antenna parameters and Adaptive Particle Swarm Optimiza-
tion(APSO) is used for optimization.
Numerical Electromagnetics Code (NEC 2) is an antenna modeling package which uses method of moments
for solving electric and magnetic ﬁeld. It is based on a numerical solution of electromagnetic ﬁeld integrals for thin,
perfectly conducting wire segments using the Method of Moments (MoM). Such segments can be freely arranged in
three-dimensional space and excited in different ways. It is a General Public License (GPL) code where users are free
to modify the code. It was developed at Lawrence Livermore Laboratories and is available as a free download.
Particle Swarm Optimization (PSO) [7] was introduced by Dr. Kennedy and Dr. Eberhart in 1995 for optimiza-
tion problems . It is a population based computer algorithm for solving optimization problems [8]. It is a stochastic,
population based computer algorithm for solving optimization problems. As PSO is easy to implement, it has rapidly
progressed in recent years and with many successful applications seen in solving real-world optimization problems
[9]. Adaptive Particle Swarm Optimization (APSO) features better search efﬁciency than classical PSO. APSO [10]
enables the automatic control of inertia weight, acceleration coefﬁcients, and other algorithmic parameters at run time
to improve the search efﬁciency and convergence speed. This paper presents optimum design of axial mode helical
antenna using non linear pitch proﬁle modeled using Catmull Rom Spline and radius exponentially varied along the
axis of the helix. Original NEC 2 source code is modiﬁed to incorporate Catmull Rom Spline and the radiation char-
acteristic have been investigated using NEC 2 algorithm.
To test our methodology original NEC2 source code has been modiﬁed to incorporate Catmull-Rom spline mod-
eling and APSO to suite the requirement for the proposed work. The radiation characteristic has been investigated
using NEC2 algorithm. Simulated results show that there is a signiﬁcant improvement in gain characteristics com-
pared to design based on axial mode helical antenna with non linear pitch proﬁle [4].
This paper is organized as follows. Section I is introduction. Section II brieﬂy explains Catmull-Rom spline
modeling for nonlinear pitch proﬁle. Section III brieﬂy explains PSO. Section IV explains Proposed Method for opti-
mization of gain subject to unity axial ratio. Section V discusses simulation results and section VI is conclusion.
2. Modeling Of Helical Antenna With Exponential Tapering and Non Uniform Pitch Proﬁle
Catmull-Rom splines are a family of interpolating splines which are completely speciﬁed with four consecutive
control points [11]. One of the features of the Catmull-Rom spline is that the speciﬁed curve will pass through all of
the control points. To calculate a point on the curve, two points on either side of the desired point are required. The
curve section between control points αk and αk+1 is represented by α(u) where α(0) = α(k) and α(1) = α(k+ 1).
Mathematically,
α(u) =
2
∑
j=−1
αk+ jφ j(u),u ∈ [0,1] (1)
where φ j(u)is the Catmull-Rom basis functions represented by following
φ−1(u) = (−u3+2u2−u) (2)
φ0(u) = (u3−2u2+1) (3)
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φ1(u) = (−u3+u2+u) (4)
The exponentially tapered helical antenna is represented in NEC2 by connected wire segments whose coordi-
nates is represented by xn, yn, zn.
xn = a(n)cos(nt),n = 1,2, ....N (5)
yn = a(n)sin(nt),n = 1,2, ....N (6)
zn = zn−1+
S(n)t
2π
,0≤ t ≤ 2π (7)
Radius for nth turn,
a(n) = Aepn (8)
tan(α(n)) =
S(n)
πD
(9)
In this work helical antenna is modeled using helix radius ’a’, number of turns (N), nonlinear pitch angles and
exponential tapering factor ’p’. The pitch proﬁle for the helix is interpolated from Catmull Rom Spline Curve.
3. Particle Swarm Optimization(PSO)
Particle Swarm Optimization(PSO)[8] is a population-based iterative algorithm. It was introduced by Kennedy
and Eberhart in 1995 and is a powerful alternative for other optimization tools. Here the solution of an optimization
problem is represented by a swarm of particles and each particle is associated with two vectors, i.e., the velocity vector
Vi = [v1i ,v
2
i , ......v
D
i ] and the position Xi = [x
1
i ,x
2
i , ......x
D
i ] where D stands for the dimensions of the solution space. The
velocity and the position of each particle are initialized by random vectors within the corresponding ranges. During
the evolutionary process, the velocity of particle ion dimension d is updated as
vdi = wv
d
i + c1rand
d
1 (pBest
d
i − xdi )+ c2randd2 (gBestd − xdi ) (10)
Position of particle i on dimension d is updated as
xdi = x
d
i + v
d
i (11)
where w is the inertia weight, c1 and c2 are the acceleration coefﬁcients, and randd1 and rand
d
2 are two uniformly
distributed random numbers independently generated within [0,1] for the dth dimension. In (6.1), pBestiis the position
with the best ﬁtness found so far for the ith particle, and gBest is the global best solution. The equations (6.1) and
(6.2) are iterated till convergence. During iteration, the current local best is updated with particle i if its ﬁtness value is
less than the ﬁtness value of the local best. In PSO[8], the ﬁtness function is the function to be minimized. Global best
is the particle with lowest ﬁtness function.Adaptive Particle Swarm Optimization (APSO)[9]features better search
efﬁciency than classical PSO.
4. Proposed Work
This work presents an optimum design of axial mode helical antenna with non linear pitch proﬁle and radius
exponentialyy varied along the axis. Here helical antenna is modeled using helix radius ’a’, number of turns (N),
nonlinear pitch angles(α1, α2, α3, α4, α5, α6) and exponential tapering factor ’p’ as given in Eqn. 5 - Eqn. 9. For
a given number of turns (N) the antenna is optmized for maximizing directive gain, G subject to unity axial ratio.
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Fig. 1: a) 3D Power Pattern b)Vertical Pattern of Eθ and Eφ
Mathematically it can be represented as following optimization problem
Minimise
f (a, p,α1,α2,α3,α4,α5,α6) =
1
G
+λ1 ∣AR−1∣ (12)
where λ1 is Lagrange’s multipier.
Original NEC 2 source code is modiﬁed to incorporate Catmull- Rom Spline Curve. Parameters like gain,
impedance are evaluated using NEC 2. With these values ﬁtness functions are evaluated and fedback to APSO for
computing new particle positions. This procedure is iterated until APSO converges to an optimum position.
5. Results and Discussions
To test our methodology, the original NEC2++ source code has been modiﬁed to incorporate Catmull-Rom
spline modeling of pitch proﬁle and APSO. The gain, voltage standing wave ratio (VSWR) and input impedance
impedance of helix are estimated using NEC2. The entire program has been compiled in Dev-C++ environment. The
geometry of the proposed antenna with radius exponentially varied along the radius is shown in Fig 2.
Figure 1. shows NEC2 simulated 3D radiation pattern and vertical pattern of theta and phi components of elec-
tric ﬁeld corresponding to design based on our approach.
To compare our work with the helical antenna with non uniform pitch proﬁle[4], the gain characteristics have
been evaluated for different number of turns. Simulations are conducted at a frequency fo = 2.4GHz. The APSO opti-
mization procedure is done to ﬁnd the optimum values for helix radius a, six pitch control angles α1,α2,α3,α4,α5,α6
for different number of turns N. For APSO we have chosen the following ranges for radius a, α1,α2,α3,α4,α5,α6.
0.1≤ a ≤ 0.2, 10 ≤ αi ≤ 20 , i= 1 to 6.
Using this pitch angles helix antenna structure is modeled using Catmull - Rom spline modeling and simulated
using NEC2.
The Table. 1 summarizes the six control pitch angles and radius for optimum helix design based on our ap-
proach. N is the number of turns, ’a’ is the helix radius in wavelength. The obtained directive gain is also shown in
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Fig. 2: Structure
Table 1: Optimum Helix Parameters Using Proposed Method
N α1 α2 α3 α4 α5 α6 p a G(dB) Zin(Ω)
6 10 13.39 25.0 10.0 25.0 12.08 0.22 0.20 14.11 196.53+ j 52.40
8 12.486 16.007 23.043 18.12 22.81 25 0.23 0.20 15.414 164.50+j 18.29
10 10. 00 14.50 19.9 18.71 22.39 23.98 0.21 0.20 16.02 175.54+j 82.62
the table. Pitch angles are expressed in degrees and gain in dB. It was observed that the impedance is almost resistive
which make them suitable for impedance matching.
From Fig. 3 it can be observed that the proposed antenna shows a better gain characteristics. Fig. 4 and Fig. 5
shows the VSWR characteristics and gain characteristics of an 10 turn helical antenna. From the graph, it is clear that
the designed antenna is a wideband antenna.
Fig. 3: Directive gain versus no. of turns
The proposed antenna can be physically realised by winding a copper wire over a PVC pipe and using metal
sheet as the ground plane. By using a standard folded dipole antenna as the receiver, received power is measured.
HP8481A microwave sensor together with folded dipole antenna is used for measuring the received power. Network
analyzer is used to observe the reﬂection coefﬁcient and radiation pattern.
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Fig. 4: VSWR Characteristics
Fig. 5: Gain Characteristics
6. Conclusion
This paper presents a method for the optimal design of helical antenna with non uniform pitch proﬁle and radius
exponentially varied along the axis of the antenna for maximizing the gain subject to unity axial ratio using Catmull
Rom Spline Modeling and Adaptive Particle Swarm Optimization. Simulated results showed a better gain character-
istics than the helical antenna with non uniform pitch proﬁle of constant radius. Future work involves optimum design
and simulation of spiked helical antenna. This work can be extended to ﬁnd the helix structure by non uniformily
varying the helix radius subject to unity axial ratio.
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